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TWO-D135iSIONALOSCILLATINGWING

AT SUBSONICSPEEl@
By ShermanA. ClevensonandEdwardWidmayer,Jr.

ISUMMARY

Experimentalresultsofliftsandmomentsaboutthequarterchord
ofa two-dhensionalwingat subsonicMachnumbersarepr~sented.A
comparisonoftheexperimentalmagnitudeoftheliftvectorwiththe
theoryas givenby Dietzeshowedgoodagreemmt.Comparisonsofthe
mum.entsandthequadraturecomponentofliftwiththeoryindicatedthat
somerefinemmtsinthetestingtechniquearenecessaryfortheexperi-
mentaldetemdnationofthesequantitiesin

INTRODUCTION

thetransonicrange.

An extensiveamountofworkhasbeendoneonthetheoryofair
forceson a hsrmonica13yvibrattigwingh a two-dimensionalcompres–
siblemediumby Possio,FrazerandScan,Dietze(references1 to 4),and
others.Flutterof

Y
s ina compressiblemediumhasalsobeentreated

by Garrick(reference~ , l?razerandSkan(reference2),andothersin
whichtheaforementionedtheoreticalairforcesareused.Numerous
wind-tunneltestshaveslsobeenmadeontheflutterofcantileverwings
inthesubsonicspeedrange(reference6). Theseteatsshowreasonable
agreementwiththeindicatedtheoreticslt’rends.Someworkonthe
experimentaldeterminationoftheoscillatingairforcesathigh
subsoficspeedshasbeendonebyBrattandchlnneck(reference7), @
theoscillatingmomentsona smallairfoiloscillatingaboutthemid-
chordpositionweredeterminedathighsubsonicspeedsfora reageof
reducedfrequenciesof0.0025to O.01~.Theaerodynamiccoefficients
havebeencalculatedbyDietzefora reduce&frequencyrangeto ~ = 0.6
andforaMaohnumberrangeto M = 0.7.

Thepresentpaperdeals~i$hsomeexperimentsat subsonicspee@
inwhicha two-dimensio~lwi~ wasosci~tedaboutthequarter-

%upersedesdeclassifiedNACAResearchMemmandumL9KZ?&by
S.A. ClevensonandE.WidmyerjJr.,1950.
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chordpositionina reducedfrequencyrangefrom0.15to 0.35.Since
extensionofthetheoryintothetransoticrangeisextremelydifficult
andopento considerabledotitbecauseoftheoccurrenceofshocksand
mixedflowonthewing,itappearsdesimbleto performan experiment
fordeterminingtheoscillatingairforcesandmcmmmtsinthisregion.
Althoughthispaperpresentsfewdatainthetransoticregion,itdoes
presentan experinwntalmethodforobtainingtheseforcesandmoments.
A comparisonismadeoftheexperhentalforcesandmomentswiththe
theoryofDietze.AlthoughcomparisonscouldnotYe tie forall
components,it is%elievedthatthepresentedmethodcsnbe refinedto
givesufficientaccuracyforthedeterminationofthecomponentsoflift
andmomentofan oscillatingairfoilinthetmnsonicrange.
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momentcoefficientaboutquarterchord

torsionaldisplacement

()

Q. sin~
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inphasewithtorsional

inquadrature with

Thesubscripto representsthevectormagnitude.

APPARATUS

Model

Thewinghasa spanof24 inchesanda chordof8 inches,withan
WA 6~10 airfoilsection.Itwasoffabricatedconstruction,having
a steelsparwithdurelminsldnandwasmassbalancedaboutthe
quarterchordto eliminateanymass-inertiaforce.‘IMS airfoilwas
supportedonbearingsat eachendandhadonlyfreedomtopitchabout
thequarter<hordpoint.Thewingoscillatedaboutd meanangleof
attackof0°andhada maximumamplitudeoffi.30°. Twovariable-
frequency,electromagneticshakersphasedtoproducepuremomentand
a torslonrodwereattachednearoneendofthewing(fig.1). The
otherendofthetorsionrodwasfastenedtothetunnelwall.Various
resonantfrequencies couldbe obtainedby theuseoftorsionrods

- .— -—-



4 NACATN 3686

havingtiff’erenttorsionalstiffness.Thefrequenciesofthewing-rod
ccmibinationsusedareasfollows:

Wing-r@ccmibination % ‘a
(radians/see) (radisms/see)

1 528 194

2 (Datanotreported) 546 275

3 (Datanotreported) 572 “ 361

was

Thetestsection

modifiedbymexms

of

of

Tunnel

theLangley$ footfltiterresearchtunnel

auxiliarywallssothatthetestsectionwas
-!

24 incheswide. A ~ –inchgapexistedbetweenthemodelandthetunnel

walls. AM.testsr~ortedweremadeinlCreo*12inwhichthespeedof
soundwasabout520feetpersecond.Theuseofthistestmedium
permitstheattainmentofmorethantwicethereducedfrequencyas
obtained
Reynolds

The

inairfora givenMachnwnberandtorsionalfrequency.
numbersforthesetestswerefrom1

Instrumentalion

instrumentationMY be dividedinto

x 106to 5.5 x 10L

twogroups: thefirst
indicatingthemotionofthewinRinthetunnelanditsreactiontothe
flowing& andthesecondbiic~tingthesuppliedpowernecessaryto
maintaintheoscillation.A lk-chamnelrecordingoscillographwasused
to recordandcorrelatedatafrombothgroupswithrespectto,time.

Thetimehistoryofthepitchingmotionofthewingwasobtained
fromthesigpalofan electricstraingagewhichmeasmedthetorsional
stressinthetorquerod. A lightbeam,reflectedfroma mirror
fastenedto theend.ofthewingandfocusedona translucentscale,also
gavean indicationofthetorsionalamplitudeof oscillation(fig.1).
Liftwasobtainedfrmnthesignalofelectricstraingagesmountedon
thebearingsupports.

Thepowerrequiredtomaintaina fixedsmplitudeofoscillation
wasmeasuredvisusllywitha wattmeterwhich-s incorporatedinthe
electromagnetic~hakercircuit.At a corresponMngth, signalsfrom
anarumeterandvoltmeterinthesamecircuitwererecordedonthe

..
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Oscillogram.At thepointofwingresonanceinpitching,theproduct
ofthevoltsemdtheampereswasequaltothemeasuredwatts.

ME?IHOD

Theoscillatingliftsweremeasuredby st~ensitive elements
onthehearingsupports.Thetiidenceofthewingwas ~cated bY
theshesringstratiinthetorsionspring.Thephaserelationofthe
lifttotheincidenceofthewingwasobtainedfromthesimultaneous
recordingoftheliftendangularpositiononan oscill.ograph.The
componentsofliftandthephaserelationtowingticidenceare
illustratedinthefollowingsketch.Thefrequencyofoscillationis
alsoobtainedfromtheoscillogram.

Lo

Lo sin~

Increasingtimea

‘‘m+

Theaerodynamicdampingmoment,thatis,themomentinphasewith.
thevelocity,wasobtainedby thefollowlngprocedures.Sincea moment
doesworkonlywiththecwponentthatisimphasewiththeangular
velocity,theener~ requiredto sustainan oscillationisa measure
ofthedampingmomentandisgivenby fiQoaosin92. Thereforethe
inputener~,obtainedfromthewattmeterandcorrectedfortareand
electriccirctitlosses,yieldedthedampingmoment.To confirmthis
value,theaerodynamicdampingmomentandtaremomentwereobtainedat
meximumresponse(sin~ = 1)fromtheammeterreadingandthephysical
andelectricconstantsofthemachine.Thisaerodynamicmomentcould
thenbe correctedforthetaredampingmoment.Twoothermethodsof

---. — ———.——



6 NACATN3686

measuringdampingincmmmmusewereconsidered.If eitherthe
logarithmicdecrementorthedampingfromtheresponsecurveisused,
theaerodynamicdampingmomentcanbe obtained.Theresultsofthese
methodswereinagreement.

Theaerodynamicmomentinphasewiththewingpositionmaybe
obtainedexperimentallyby observingthechangesinthenatural
torsional.frequencywithMachnumber.Sucha methodwasU&d in
reference7 foranairfoiloscillatingaboutits midchord.Sincethe
modelwillosciUateinits“damped”naturalfrequencywhentheforcing
stimulusisremoved,theinphasemomentmaybe determined(appendixA).
Withthislmowledge,theshiftoftheinphasecente-f+mesmre
positionfromthequarterchordmaybe determinedby dividingby the
inphaselift.

ACCURACYOF~AL RESULTS

BeforemeasuringtheexperimentaloscilJ.atinglifts,theslopeof
theexperimentalstatic-liftcurveofthiswingwascomparedwiththe
lift-curveslopeforlineartheoryas demonstratedinfigure2. The
theoreticaldC~da cue istheincompressibleslopemodifiedby the

Glauertcorrection . Thiscorrectedliftcurveiscomparable

& – M2
to K~~ forthecaseof q = O as givenbyDietze.Sincetherewas
samedeviationoftheexperimental-valuesfromthetheoreticalvaluesfor
thestaticcase,the~aluesoftheexperimentaldatafortheoscillating
casemigHtalsole expectedtobe lessthanthevaluesindicatedby the
linearoscillatorytheory.

Quantitativemeasurementsonhigh-frequencyoscillationsleadto
certainproblemsnotordinarilyencounteredin staticemdlow-frequency
measurements.Defomnationofthemodelunderdynamicloadingnecessitates
thecorrectionofstaticcalibrations.Intheca~eoftorsioti
oscillationsthestaticcalibrationvariedfromthedynamicconditions
astheresultofthedifferencebetweenthestaticanddynamicdeflection
curves.Thiswascorrectedbyapplyinga Holzertypeofanalysistothe
dynamicconfigurationandrelatingthestaticstrainrelativeto the
midspanangleofincidencetothedynamicstrainrelativetothemidspan
angleof incidence.ThedeformationofthewingobtainedfromtheHolzer
analysiswasapproximatelylinear,theangleofattackofthesideofthe
wingnearesttheshakersbeing96.5percentoftheincidenceatthe
oppositeendforwin-rod1. Theangleofincidenceusedinthe
calculationoftheaerodynamiccoefficientsisthatatthetidspan.

Ihthemeasurementoftheoscillatorylifts,theoscillograph
records,particularlyatthehigherMachnumbers,weresomewhat

{
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distortedby wind=bunnelvibrationandfluctuationsintheflowofthe
airstream.Tominimizeth6errorduetothisdistortion,theoscillo-
gramsforbothliftandangularpositionwerereadby takingan average
overfiveconsecutivecyclesofen eight-pointl?ourieranalysis.This
snalysisgavetheamplitudeoftheliftvectorandthemaguitudeofthe
angleof incidenceaswellasthephasebetweentheliftemiangular
deflection.Theprecisionofmeasurementas determinedfromrepeated
analysisfromthesamerecordgaveliftvalueswithin1 pound,the

“ angleof incidencewithin0.02°,smdthephaseanglewithinAp. Also,
itwasnecessaryto correctthephaserelationshipforanyphase
differenceinherenttithegalvanometersstring.Unfortunately,the
quadratureliftcoefficientisverysensitivetovariatiomofphase
anglesadthereforewassubjectto error.

Thecorrectiondueto Qnamicmagnificationonwi~rod 1 was
approximately9 percentofthemeasuredforce(seeappendixB). No
attemptwasmadeto correcttheexperimentalli.f%sandmomentsforthe
aerodynamiceffectofthistranslation, sinceexperimentandanalysis
showedthemaximumdisplacementatmidspantobe intheorderof
0.01inch.Thisdisplacementfor-rod 1 representslessthan
1 poundlift(approximately1 percenttotallift)underextremetunnel
conditionsofhighdensityandhighMachnumber.

.
Therewasa possibilityofthedampingmomentbeingsomewhatin

errordueto thevariationsoftheteredamping.Sincethemagnitude
ofthetarewasfrom25to 60percentofthemeasuredvalue,small
variationsinthetareledto largevariationsintheaerodynamic-
mcmmntcoefficients.

A emsllrandomerrorwasintroducedby thenecessityof_
interpolationsand extrapolationofthetheoryin orderto comperethe
theorywiththeexperimentalresults.Thetiterpolationwasmadeby
cross-plotttigthecoefficientsagainstMachnumberfora givenvalue
ofreducedfrequenty. Theexln?apolationsweremadeby exte~g the
curvesofcoefficientsagahstreducedfrequencygiven%y Dietzeand
thencross-plottingthecoefficientsagainstMachn@er ata given
reducedfrequency.Thisprocedure-tendsto admiterrorstothe
theoreticalvalues.

IMPROVEMENTOFTEUHNIQUE

.

ForthefuturedeterminationofosciUati@airforces,thereare
variousimprovementstobe effected.Formoreaccurateresults,
-c c~ib~tio~ foreachspecifictestconditionshotidbemade.
Theclifficulty inreadingtheoscillogramsmaybe amelioratedby
increasingthet- scaleorpaperspeedoftheoscil.logrsms.When

.
.. —-—-. --— .-— —— —.. .—z —
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phaseanglesarebeingmeasured,ithasbeenfoundthatusingthesame
typeofsignalinsimilarlydampedgslmnometerelementswillreduce
q Pkse differenceduetothegal.vanometers. It iSdSO iInpOrt~ttO
checkthattheresponsecurvesoftheseelementsare‘flat”forthe
frequencyrangebeinginvestigated.

Thebendingdeflectionofthewing-rodcombinationresultedin
considerabledynamicma+qification.ofthebearingreactionq(see
appendixB). Thesizeofthecorrectionisa functionoftheratioof “
theforcingfrequencyto thenaturalbendingfrequency.To keepthis
magnificationaslowaspossible,wingshavingveryhighbending
frequenciescomparedtothefordngfrequencies
taredamphginthesystemshouldbe a mintmum,
madeatalltestamplitudes.

DISCUSSIONANDRESULTS

shouldbe used.The
theevaluationbehg

Thetheoreticalcoefficientsofliftsandmomentswerecalculated
by usingthetheoryofDietze(references3 and4). However,sincethe
theoreticalcurvesweredeterminedto M = 0.7 a@y, allreferenceto
theoryabovethatMachnuderrefersto an exbrapolationofthese
curves.ForcomparisonoftheliftcoefficientsitiswelJ-tonote
thattheinphaseandquadraturecomponentsarefunctionsof~oththe
ma@tude andthephaseoftheliftvector.Uuderthetestconditions
itwasimpossibletotreatthesefactorsas independentvariables.From
figure3,itmaybe seenthata comparisoncsmlemadebetweenthe
vectormagnitudesoftheexperimentalsndtheoreticalliftcoefficients.
Theclifferencebetweentheexperimentalandtheoreticalvaluesisshown
by theshortvectormarked“clifference.n Itis shownthatthe
experimentalK’SD isinsensitiveto variationsfrumthetheoretical
phase@e ~. Conversely,the ~w ishighlysensitiveto such
variations.Sincethemagnitudeoftheliftbut
couldbe deteminedaccurately,theexperimental
closestagreememiwiththeorywouldbemagnitude
vector.

notthephaseangle
datawhichwouldbe in
ofthetotal-lift

To showtherangeofvaluesandagreement,thetotaltheoretical
lifthasbeenplotteda@imt eXPer@ntd osci~atiWl~t for~w-
rod1 (fig.4)0 Theratioofexperkntaltotallifttotheoretical
liftwasplotted.againstMachnumber(fig.5). It isclearlyshown
thatthetheoreticalvaluesexegreaterthantheexperhnental-values.
Itmaybenotedthattheorderofdeviationfromthetheoreticalvalues
isofthesamemagnitudeasthedeviationofthestatic-liftdatashown
infigure2. Inthesamegraphisplottedq showingtherangeof
reducedfrequenciesinthissetoftests.Theseandotherdata

.

.
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pertainingtowin~rod1,thatis,Machnumber,coefficients,andso
forth,me slsoshownintableI.

Sincethetheoryassumingan infinitewinginan incompressible
flowwithsomeformofcompressibilitycorrectionis incommonusage,
itisofinterestto comparetheexperimentaldatawiththis,theory.
Theratiooferperimentiiloscillatinglifttothistheoreticallift
plottedagainstMachnuniberisgitienin‘figure6.

A comparisonoftheexperimentalphase@e withtheorygivenin
figure7 showsthatthetrendsindicatedbytheoryarefollowed.When
it isremmiberedthat sin~ iSusedindeterminingId’=(seefig.3),
it isonlytobe erpectedthatthesignandorderofmagnitudeof F’m
shoulddeviatefromthetheory.ExperimentallydeteminedKf~ being
insensitiveto variationsinthephaseanglepermitscomparisonwith
theory(fig.8). Itmaybenotedthattheagreementis similarto that
obtainedforthemagnitudeoftheliftvector.

Theopportunitywastakeninthisseriesofteststo examinethe
effectsofsmallamplitudesof oscillationontheforcecoefficients.
Ithasbeensuggestedthatforverysmallamplitudessomenonlinear
effectsassociatedwithboundarylayermaybecomesignificant.Forthe
experimentshereinreportedno sucheffectwasdetemined.Theeffectof
variousamplitudesofpitchingoscillationsisshm infigure9. ItCm
be seenthattheratioofcoefficientsforthefourMachnumbersshowni’s
relativelyconstantendindependentofamplitude,indicatingthatthe
amplitudeof oscillationhadlittleeffectontheliftcoefficient.

Ihviewofthelargecorrectionsinthelift,angleof incidence,
andphasesmgle,necess~h reducingthedataforwiq-rod3, itwas
deemedadvisabletoomitthepresentationof dataandcomparisonswith
theory.However,alltrendsweresimilartothoseofwin~rod1.
Experimentswerealsoconductedonwing-rod2whichhada natural
frequencyof45cyclespersecond(midwaybetweenwin&rods1 and3).
Thedataoltainedforthiscombination(notpresented)aresubjectto
question.Itwasfoundthatthemeasuredvalueofdampinginpitch
decreasedwithMch number,approachingzeroat M = 0.7. Theratio
oftheeqerimentaltothetheoreticaloscillationliftcoefficients
alsoapproacheda mhimumat M =.0.7.Thedataobtainedforwin&
rods1 and3 implythatthiseffectmaybe restrictedto theparticular
testconditionsforwiq-rod2. Unfortunately,timewasntiavailable
to studythisproblemfurther.,Itmightbe notedthatthephenomenon
exhibitscertaincharacteristicsofa self~xcitedvibration.The
reasonforthebehaviorisunexplainedanditishopedthatfuture
studiesmayanswertheproblem.

; .’
..;..:.. -..

,,,,.. >,
...

——— . —. —.—



10 NACATN3686

As previouslymentioned,theexperhntaldampingaomentcoef–
ficientinquadxatmetiththetorsionsldisplacementwasdetermined.
A comparisonoftheseexperimentalresultswiththeoryplottedagainst
&h nmiber(fig.10)showstheexperimentalvaluestole consistently
low. Thisresulthasalsobee~notedbyBrattandChinneck(refez=
ence7)for*sonic speeds.Someofthevariationintheexperimental
coefficientsmaybe attrilnrtedto fluctuationsofthetaredamping.

Thelaphasemment coefficientsK~DD weredeterminedas shownin
appendixA. Since,inthepresentcase,theairfoilwasoscillated -
aboutitsquarterchord,theinphasemomentwassmall.Thus,the
changeinnaturaltorsionelfrequencymayhavebeenwithintheaccuracy
oftheexperiment.Therefore,a comp~isonfor K’DD ofexperiment
withtheoryshowslittleagreement(tableI). However,forwing-rod1
whichhadtheweakestspringand.conaequetilythegreatestsensitivity
to aerodynamicmoments,atthehighMachnumbers(0.7to 0.8)a
negativeoscillatingmomentoccurredontheairfoil.Thiswouldindicate“
a rearwardshiftoftheinphasecente~f~ressurepositionofabout
3 percentchord.Thiscentewf+ressureshiftwaspredicted
theoretically,butto a lesserdegree(fig.Xl).

COI?CL~lZ?GREMARKS

It isbelievedthatthemethodof obtainingoscillatingliftsand
momentsdueto pitchasdescribedinthispapercanbe refinedto give
sufficientaccuracyfortheexperimental.determinationofthose
quantitiesinthetransonicregion.

Goodagreementoftheexperimentalmagnitudeoftheoscillating
liftvectorwasobtainedwiththemagnitudeofthetheoreticallift
vectorsofDietze.Similaragreementwasobtainedbetweenthe
experimentalcoefficientsinphasewiththewingdisplacementandthe
correspondingtheoreticalvalues.~ general,bothexperimental
coefficientswerelowerthsathecorrespondingtheoreticalvalues.

ThetrendwithMachnuniberandreducedfrequencyindicatedby
theoryforthephaseletweenliftandincidencewasobtained
experhentally.Thesensitivityofthequadraturecomponentsoflift
to thevariationintheexperimentalphaseanglewaasuchthatthe
valuesobtainedwerequestionable.

Theamplitudeoftorsionaloscillationapparentlyhaslittleeffect
ontheliftcoefficientsin”therangeof0.004to 0.04radian.

u
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A compsz?isonoftheexperimentaldamping+nmnentcoefficientswith
thetheoreticalvaluesshowedtheexperhentalvaluestobe consistently
low. Whilequantitativeagreementoftheinphasemomentcoefficients
withthetheoreticalvaluesisnotobtained,themovementoftheinphase. centerofpressuretendsto followthebehaviorindicatedby theo~.

,

LangleyAeronauticalLaboratory,
NationalAdviso~CommitteeforAeronautics,

~ey Field,Vs.,November.30,1949.

— ——
———— —.
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AH?ENDIXA

D~IOIV OFTHEINPHASEMOMENTMD

THECENTER—OF—ITUHXRESHIFT

>

h

Thedeterminationoftheinphasemoment,whenthechangeofnatural
frequencyofoscillationofa wingisknown,isasfollows:

Thedefinitionofthemomentistheairspringtimesthewing
@ar deflection,namelyZSK@o.Theairspringisdeteminedas
follows:Thenaturslfrequencyis

%1=F-7-

thefrequencytithairspringforceis

thus

then

(Al)

Now,sincetheairspringisknown,theinphasemomentiseasily
calculated.

l?’hxninspectionofequation(Al),when ~ ispositive,~>-~
and.thereisa rearward shiftofthecenterofpressure.When @ is .

...-. ... . .
.. . . “.. .’.. .. ,..

;, ~...,.- : ..
‘.’.

-.

— . .—. .——.—. —.. . — —. -—— ----
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negative,q > q andthereisa forwardshiftofthecenterof
pressure.Thepositionofthecenterofpressurereferredto the ‘ “
quarterchordis dete*ed by the~tio OfthefiP~se~nt to the
inphaseliftforce,-ly

C.P.=
ZLOcOS~

Thisgivesthecente=f-pressureshiftfromqm.rte~hordpositionin
percentchord.

Forcomparisonwiththeory,thecenter-of-pressureshiftwas
calculatedlythetheoryofDietze(reference3)as follows:

COP.= Q
ZLOCOS~

.. --—.-. -- - —–——— —--– ——
—— ——.— --
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APPENDIXB

DYNAMICMAGNIFICATIONOFLIFTFORCE

Whenan elasticbodyis subjectedto an oscil.lattigforce,itIs
possibleto determinetheamplituderesponseoftheresultingvibration.
~ thecaseofa simplysuppotiedundampedbeamcarr@nga uniformly
distribtiedoscillatingload(reference8) itq be shownthat

4=wn@sinust
(Bl)

where

4WOZ4
Ys=—

7C%Z

and y~ isapproximatelyequaltothestaticmidspandeflectionundera
tifo~ load WoZ. Inviewofthisrelation,andrecogmLzingthatthe
deflectioncurveisa functionoftheloading,itfollowsthatthe
reactionsatthesumortsarealsodependentuponthedeflectioncurve.
Thisfactmaybe shownasfollowsfora simplysupportedbeamhavingan
arbitraryloadlng:

Y=
ff

&3xdx

..

,

0

—. —.—
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For comtmt EI
.

15

“

where V, theverticalshear,isgivenby R – J x(x)ax Snd A(x) is

spanlo-g.

Itmaybe shownthat

lti d3y R—=—
X+o @ ET (B2)

whereR isthereactionatthesuppoti.Usingthedeflectioncurve
fromequation(Bl),thereactionsfora simplysupported,undampedbeam
subjectedto a uniformlydistributedoscillatingloadaregivenby

R 4 W02~ sinU)t=-—
%2

‘=0(2i+l)2
-(2,: J(:r

(B3)

Treatmentofthisnatureroughlyapproximatedthephysical
conditionsoftheexperimentandgivesan indicationoftheorderof
thecorrection.ForthehigherfrequencycomMnations,a closerapproach
to actualconditionsisobtainedby consideringthewing-rodasa two-
spancontinuousbeambuiltinatthewall. Thereactionsofthis
structureweredeterminedby usingthemethodofmomentdistribtiion.
By assuminga givendistribtiedloadthedeflectioncurvewas obtained.
Theinertiaeffectsm&’y werethenknownforthatloading.Usingthe
conibinationofthedistributedandinertialoadsa newdeflectioncurve
wasobtained.By useof successiveapproximationsthetotalloadingwas
obtained.Theratiooftheapplied(aerodynamic)loadtothemeasured
loadisthenknown.

Forthelow–frequencywi~-rodcombination,thisanalysis,the
resultsfromequation(B3),andexperhentallydeterminedcorrection
factorswereinagreement.Thevariationintheresultsofthese
methodsforwing-rod3,havinga frequencyratioo/~ of0.65,was
suchthatonlytheorderofmagdtudeofthecorrectionfactorcould
be detetingd.

. —.— . . —— —— . .. . . . . –—- .
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